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INTRASPECIFIC TAXONOMYAND
COMPARISONSOFNRDNAITS-2 SEQUENCESOF

ARISAEMARINGENS(ARACEAE)

Sung Chul Ko,^ Steve L, O'Kane, Jr.,

ANDBarbara A. Schaal

ABSTRACT

The second internal transcribed spacer (ITS-2) of ribosomal DNA(rDNA) was

sequenced for the three phenotypes of Arisaema ringens (Araceae). These se-

quences were invariant, and are therefore not systematically informative. How-
ever, when considered along with the anatomical, morphological, cytological, and

palynological data summarized here, the recognition of inlraspecific taxa in A.

ringens is not supported.

Key Words: Arisaema, nrDNA, ribosomal DNA, transcribed spacer, ITS-2

INTRODUCTION

Arisaema ringens (Thunberg) Schott (section Pistillata; Ara-

ceae), Japan, China and S. Korea, was divided by Engler (1879)

into two varieties, a sieboldii and /? praecox, based on cataphyll

and petiole color. The former has green cataphylls and pale violet

petioles, and the latter has red cataphylls and pale green petioles.

Workers have had varying opinions of these taxa. Palibin (1901)

and Chung (1 957) agreed with Engler in maintaining two varieties.

Other taxonomists have viewed these phenotypes as different

species (e.g., De Vriese, 1839; Nakai, 1952) or, more recently,

united them into a single species (e.g., Ohwi and Kitagawa, 1983;

Ohashi and Murata, 1980; Wuand Li, 1979), Koyama (1984)

made Engler's varieties into forms based on spathe color rather

than cataphyll and petiole color, i.e., A, ringens L sieboldii with

dark purple spathes and A. ringens f. praecox with greenish spathes.

Ko and Kim (1985) agreed with Koyama.
In the field three phenotypes oi Arisaema ringens are found.

Based on the current intraspecific taxonomy, these phenotypes
may be separated as follows: individuals with purple spathe mar-
gins and petioles [var. sieboldii (de Vriese) Engl,], individuals with

purple spathe margins and green oetioles Tvar. vraecox (de Vriese)
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Engl.], and individuals with greenish spathe margins and green
petioles (f. praecox T. Koyama). If, however, petiole color is rec-

ognized as a good taxonomic character, then characters of van
sieboldii and var. praecox are found within f sieboldii.

]
Several recent studies have examined the intraspecific system-

atics of Arisaema ringens. Morphology and geographical distri-

bution are treated in Ko and Kim (1 985). Cytology, anatomy and
palynology have also been studied (Ko et al., 1990; Oh et al.,

1990; Ko et al., 1987; Ko and Kim, 1985; Hotta, 1971; and Ito,

1942). In order to further clarify the intraspecific relationships in

A. ringens we examined the sequence of one of the internal spacers

of large subunit rDNA (ITS-2). DNA sequences have proved
extremely 1990).

The coding regions of rDNA (18S, 5.8S, and 28S) are not useful

very

almost

ticularly useful at the level of family and above (Baverstock and

Learn

(IGS) evolves rapidly both in sequence and length, making it

(Leam

988)

ITS-2), however, have an intermediate level of variation (Bald-

win, 1992a; Schaal and Leam, 1988; Hamby and Zimmer, 1992)

that makes them ideal for use at or below the generic level. No
studies have reported ITS sequences at the subspecific level; at

the specific level, percent sequence divergence ranges from 0.4%

to 12.9%, excluding the single value of 0% for variation within

Madia bolanderi (B^ldv^in, 1992a).

METHODS

from
grown in the Washington

purple spathes and purpl

from near Dae-Heung Temple, Hae-Nam Kum. Plants with green

or purple spathes and green petioles and peduncles were from

Kun-Oe Myun, Wan-Do (Island) Kun. DNAwas extracted from

fresh tissue using the CTABprocedure of Doyle and Doyle (1987)

with the addition of a phenol extraction. Primers ''ITS-3''

(GCATCGATGAAGAACGTAGC)and ^'ITS-4" (TCCTCC-
GCTTATTGATATGC)for PCR amplification of ITS-2 were
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5.8S

gtgaattgca gaatcccgtg aaccatcgaa tctttgaacg acagttgcgc ccgaggcctc

11 rrs-2

taggtcgagg gcacgcctgc ctgggcGTCA CGCCCTACGTCGCTCCCTGACCCCCCCATA

GAGTGTGGGGGGTGTTGAGGGATGCGGAGATTGGCCCACCGTGCACGTGCGCGCAGGTTG

AAGAACTCGACCCTCCTGCCGGGCGATTAACGGCGAGTGGTGGACGATGCTCATCGTCGC

CGTAGTGCACGCCCGCGCGTAAGGATGGGTTGACTGTgag ggaacccaat catcggagag

1 r 28S
acgatcgta tcttaaagat agggtagctc tttgatcgcg accccaggtc aggcggggcc

cgcc 3

'

Figure 1. Nucleotide sequence of the rDNA ITS-2 region of the three phe-

notypes of Arisaema ringens including the 28S rDNA flanking region and most

of the 5.8S rDNA. Overlap sequence from primers 3 and 4 is indicated in capitals.

constructed from the consensus sequences reported by White et

al. (1990). The fourth base (C) from the 5' end of primer "ITS-
3" was changed to T to match the sequences for flowering plants

reported elsewhere (e.g., Yokata et al., 1989), Both strands of the

double stranded PCRproducts were directly sequenced using Se-

quenase (US Biochemicals). Sequence overlap was obtained for

52.5 percent of the total sequence and 75.4 percent of ITS-2

(Figure 1). Sequencing protocols are essentially those given by US
Biochemicals except that labeling and extension reactions were

performed in a single step, Sequenase was diluted 1 :6 rather than

1:8, and termination reactions were carried out at 49°C. The entire

sequence of ITS-2 and most of the 5.8S rDNA was sequenced for

one individual of each phenotype.

RESULTS

The sequences obtained for the three phenotypes were identical,

indicating to us that no further sequences need be sampled for

Arisaema ringens, especially as the three samples are from two
different locations. ITS-2 was found to be 244 bases long with a

G+Ccontent of 61.5 percent (Figure 1), These values are similar

to other reported ITS-2 sequences (Yokata et al, 1989; Kavanagh
and Timmis, 1988; Takaiwa et al., 1985). The location of the

ends of the 5.8S and 26S sequences are based on comparisons



1993] Ko et al.—Arisaema ringens 257

Table 1. Summary of characters of Arisaema ringens var, praecox, var. sie-

boldiiy and f. praecox.

Taxon

var.

praecox

var. f.

sieboldii praecox

Morphology

Peduncle

Petiole

Spathe

Cytology'

Chromosome no. {2n)

Karyotype

Relative size

Very long

Long

Medium
Small

Total chromosomal length (/xm)

Ave,

Range

Type

Metacentric

Submetacentric

Subtelocentric

Anatomy—Cell wall specialization index^

Peduncle

Petiole

Root

Ave.

' Ko, S. C. & Y. S. Kim, 1985.

^Ko, S. C. etal., 1990.

green

green

purple

28

1

9

1

3

6.57

2

12

2.10

3.75

3.90

3.25

purple

purple

purple

28

1

8

2

3

3.31

3.95-8.83 2.07-4.35

3

10

1

1.50

2.90

4.85

3.08

green

green

green

with published ITS-2 sequences (Rathgeber and Capesius, 1989;

Yokata et al., 1989; Kavanagh and Timmis, 1988; Kiss et al,

1988;Takaiwaetal, 1985).

DISCUSSION ANDCONCLUSIONS

The intraspecific taxonomy o^ Arisaema, as noted previously,

is currently confused, especially so if we wish to recognize the

three variable but non-overlapping phenotypes recognizable in

the field. In addition the names of these phenotypes are non-

heirarchical, i.e., \2iV. praecox, var. sieboldii, and l praecox. Table

1 rphology of
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intraspecific taxa of Arisaema ringens. Forma praecox has not

been the subject of previous studies other than morphology.

Cytologically, Ansaema ringens var. praecox and var. sieboldii

are very similar, both having 2n = 28 chromosomes and nearly

identical karyotypes (Table 1). Although they share a pair of chro-

mosomes that is slightly different from one another in length and

chromosome type, these differences are somewhat subjective, e.g.,

chromosome length is dependent on tissue condition and age of

tissue as well as parameters of staining. Geographically these taxa

occur in the same subtropical to warm temperate region. AUhough
electron density of the pollen ektexine of var. sieboldii is somewhat
greater than in var. praecox, there are no significant differences

in pollen size, shape, and wall architecture. Cross-sections of roots,

petioles, petiolules, peduncles, and leaves show the same tissue

arrangement and level of tissue speciaHzation and differentiation

in both taxa. Diameter and cell wall thickness of tracheids, and
diameter and length of fibers in both taxa are not significantly

different, and these characters have been shown not be phylo-

genetically useful in Arisaema (Ko et al, 1 990). Based on the level

of specialization of cell wall thickenings, var. sieboldii is slightly

more advanced in its root anatomy and var. praecox is slightly

more advanced in areal organs. Although the distribution of colors

of peduncle, petiole, and spathe are not overlapping, they are

quite variable within a given taxon.

Many morphological characters of plants, some of them quite

striking, have been shown to be under the control of alleles of

one or a few genes (Coen and Meyerowitz, 1991; Gottlieb, 1984;

Hilu, 1983). It is probable that colors thought to distinguish in-

traspecific taxa o{ Arisaema ringens are similarly controlled and
represent intraspecific polymorphism rather than synapomor-
phies of evolutionar\- lineages. Sequences of ITS-2 show no dif-

ferences among the intraspecific taxa o^ Arisaema ringens. These
sequences are known to be good markers of evolutionary lineages

at or near the species level (Baldwin, 1992b; Baldwin et aL, 1992;

Suh et ah, 1 992). Insignificant difference in morphology and anat-

omy, and the lack of lTS-2 sequence variation, suggests that the

intraspecific taxa of Arisaema ringens should be consolidated and
a single polymorphic taxon should be recognized. Further work
is required to assay levels of ITS-2, as well as ITS-1, variation

within and among other species oT Arisaema.
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